By relating fine and hyperfine spittings for l = 1 states in bottomium we can factor out the less tractable part of the perturbative and nonperturbative effects. Reliable predictions for one of the fine splittings and the hyperfine splitting can then be made calculating in terms of the remaining fine splitting, which is then taken from experiment; perturbative and nonperturbative corrections to these relations are under full control. The method (which produces reasonable results even for the cc system) predicts a value of 1.5 MeV for the (s = 1) − (s = 0) splitting in bb, opposite in sign to that in cc. For this result the contribution of the gluon condensate α s G 2 is essential, as any model (in particular potential models) which neglects this would give a * This work is partially supported by CICYT, Spain. † Electronic address: stephan@nantes.ft.uam.es. 1 negative bb hyperfine splitting.
I. INTRODUCTION
It has been known for a long time that the short distance strong interactions may be described by QCD in perturbation theory, and that the leading, short distance nonpertur- From the pioneering SVZ work on QCD sum rules [1] , we know that α s G 2 = 0.042 ± 0.020 GeV 4 , (1.1) a value confirmed by subsequent analyses. These methods are applicable to study bound states of heavy quarks, as shown in the papers of Leutwyler [2] and Voloshin [3] and, more recently, in our work [4, 5] where we have demonstrated that, indeed, a consistent description of n = 1 cc states and n = 1, 2 bb ones (n being the principal quantum number) is obtained if one includes perturbative corrections in the form of radiative corrections to the Coulombic, short distance QCD potential,
as well as nonperturbative ones through the contributions of α s G 2 (the quark condensate contributes a negligible amount). In particular in Ref. [5] we found the following values for the fine and hyperfine splittings in bottomium, with n = 2, l = 1, s the total spin, and j the total angular momentum: 
II. RADIATIVE AND NONPERTURBATIVE INTERACTIONS.
As shown by several people (cf. Refs [4, 5] for details and references) the leading perturbative, radiative and nonperturbative interactions that contribute to the fine and hyperfine splittings are the LS, T (tensor) and HF (hyperfine) potentials,
V HF has an extra piece proportional to δ( r) which however does not contribute to the states with l = 1 in which we are interested. A spin independent radiative correction which also intervenes indirectly is given by
The nonperturbative interactions are generated by a term
The constant chromoelectric E and chromomagnetic B fields are to be taken as matrices in color space, and the vacuum is to be assumed such that
The key point in the present paper is the remark that the radial operator that appears in all three V LS , V T and V HF is the same one at leading order, viz., r −3 ; and it so happens that the largest perturbative and nonperturbative corrections are those to the wave functions which are the same for all fine and hyperfine splittings. This allows us to factor these out, being left with small and manageable pieces.
III. FINE AND HYPERFINE SPLITTINGS.
Consider for example the fine splittings. Because the radiative pieces of V LS , V T are to be taken in perturbation theory, and the same is true of the nonperturbative interactions given in Eq. (2.5), we find, e.g.,
The Ψ j are the wave functions for the states with n = 2, l = 1, s = 1 and total angular momentum j. 
where the potential in H (0) is just the Coulombic one. It so happens that both radiative and nonperturbative contributions to ∆ ex are small, at the 10% level or smaller.
The troublesome piece is what we may call "internal", ∆ in , and is due to the fact that Ψ j also contains spin-independent radiative and nonperturbative corrections:
Then, ∆ in would be the contribution of Ψ caused by the spin-independent corrections to the potential, and the non perturbative ones by the spin-independent pieces generated by Eq. (2.5), i.e, the contribution quadratic in g r · E ). As stated before, however, the key point is that, when evaluating ∆ in , and because Ψ rad j and Ψ NP j are already perturbations, only the leading pieces of the potentials i.e., V
LS , V (0) T and V HF have to be considered, and these are all proportional to r −3 , hence identical for fine and hyperfine splittings.
For a precise evaluation we take the explicit formulas of Ref. [5] . 
As for the hyperfine splitting ∆ th HF = 5 24
The nonperturbative piece of Eq. (3.3) is due to the term − g m
Ref. [5] , the best overall fit to n = 2 states was obtained for α s (µ 2 ) = 0.38 (this corresponds to µ=0.93 GeV). In this paper we will allow α s (µ 2 ) to vary between 0.33 and 0.43 which corresponds to the range 2 GeV ≥ µ ≥ 0.8 GeV, the expected "relevant" scale, µ ∼ k
In all this range |δ rad | < ∼ 10%, and |δ NP | < ∼ 5%: we check that both radiative and nonperturbative corrections to the fine splittings, Eq. yield a very reliable prediction for the hyperfine splitting (see Fig. 2 ):
∆ HF = 1.5
(the first error is due to the variation of α s , and the second to the error in α s G 2 ).
A few words should be said on this. As Eq. (3.3) shows, ∆ HF is the sum of two terms, a perturbative and a nonperturbative one. That the second one dominates is due to the fact that the perturbative contribution itself is the difference between two pieces, proportional respectively to β 0 /2 and 21/4, each one large, but which cancel almost exactly: for n f = 4, The gap between Eq. (4.3) and Eq. (4.1) is sufficiently large that a measurement, probably feasible with b-factories, should be able to reveal it.
As a last comment, let us remind the reader that the analysis we have carried is justified only at short distances. For bb with n = 2 , l = 1, r 21 ∼ (1 GeV) −1 . For tt the situation is even more favourable, but the measurement is of course impossible. For cc we cannot carry a rigourous analysis since we have r cc 21 ∼ (0.5 GeV) −1 . However we may attempt a phenomenological calculation which mimicks the theoretical one done just before; using 
